Evaluation of the effect of CpG hypermutability on human codon substitution.
Understanding the cause underlying the changes in amino acid composition of proteins is essential for understanding protein evolution and function. Accurate models of DNA and protein evolution are essential for studying molecular evolution. Although many models have been developed, most models assume that each site evolves independently and that substitutions are time reversible. In mammals and other organisms, CpG hypermutability is one of the major causes of nucleotide mutations because CpG dinucleotides are often methylated at C, and the methyl-C mutation spontaneously deaminates to yield T about 3 times more rapidly than other types of point mutations. In this study, we evaluate the effect of CpG hypermutability on codon substitution by comparing thousands of coding regions in the human and chimpanzee genomes and by inferring ancestral sequences by using mouse as the outgroup. We found that 14% of synonymous and nonsynonymous substitutions on human genes were caused by CpG hypermutability. Based on these results, we developed a model that incorporates CpG hypermutability as well as the transition/transversion ratio and changes in the chemical properties of amino acids.